The cholesterolaemic effect of 2 hypercholesterolaemic diets was tested in 12 rat inbred strains. Diet I is a commercial diet supplemented with 2.0% (w/w) cholesterol and 5.0% (w/w) olive oil, diet II is identical to diet I with addition of 0.5% (w/w) sodium cholate.
1981) and rabbits
where some inbred strains appeared to be hyperresponders and others hyporesponders, thus suggesting that plasma cholesterol responsiveness is under genetic control. Using crosses between SD/Cpb and SHR/Cpb rats, Van Zutphen &. Den Bieman (1983) calculated that there are at least two major genes responsible for the difference in plasma cholesterol response between these 2 inbred rat strains.
In studies using rats an addition of cholate to the high-cholesterol diet is often used to exaggerate the plasma cholesterol response (Beynen et al. 1984 , Van Zutphen & Den Bieman 1981 . However, there might be a difference between strains in cholate susceptibility, which in turn may cause a difference in cholesterol response between the strains.
The present study has been undertaken in order to investigate the strain-specific effect of cholate suppletion and to select the strains that can be used in a breeding experiment that is planned for the further analysis of the genetic background of the cholesterol response and the localization of the genes that are involved.
Materials and methods
The experimental protocol has been approved by the animal ethics committee of the Department of Laboratory Animal Science, Utrecht University.
Animals
Adult male rats of the following 12 inbred strains were used: F344jOlaHsd (F344), BNjSsNOlaHsd (BN), BUFjNHsd (BUF),DAjOlaHsd (DA), LEWj OlaHsd (LEW), LOUjMWslHSd (LOU), PVGj OlaHsd (PVG), WKYjNHsd (WKY),SHRj . NHsd (SHR), OMjOlaHsd (OM), BCjCpbU (BC), WAGjRijU (WAG). The rats were purchased from Harlan-alae Ltd (Blackthorn, UK) and Harlan Sprague-Dawley Inc. (Indianapolis, USA), except for the BC and WAG rats; these strains are maintained at the Central Laboratory Animal Institute of Utrecht University.
Upon arrival the rats, aged 12 weeks, were housed individually in a wired-topped Macrolon type ill cages (840 cm 2 , UNO roestvaststaal BV, Zevenaar, The Netherlands), with a layer of sterilized sawdust (Broekman Institute, Helmond, The Netherlands) as bedding, under conventional microbiological conditions and a randomized cage position. The cages were located in a room with controlled lighting (12hjday, light 07.00 to 19.00h, 300 Lux at one meter height), a regulated temperature (21-24°C) and regulated relative humidity (50-70%). The animals had the same housing throughout the experiment.
In order to match ages of the animals the BC, OM and WAG rats were tested 2 weeks later than the other strains.
Experimental design and diets
From arrival until the age of 17 weeks, all rats were fed a commercial diet (RMH-B, Hope Farms BV, Woerden, The Netherlands; see Table 1 for chemical composition).
After this pre-experimental period of 5 weeks, the rats (6 animals per strain) were fed for 2 weeks the commercial diet supplemented with 5.0% (wjw) olive oil (Reddy, Van de Moortele NY, Oudenbosch, The Netherlands) and 2.0% (wjw) cholesterol (USP, SolvayjDuphar BV, Weesp, The Netherlandsl (diet I). Thereafter, the animals received the standard commercial diet without supplements for 4 weeks (wash-out period). After this wash-out period the rats were fed diet IT for 2 weeks. Diet IT is identical to diet I with addition of 0.5% (wjw) sodium cholate (Merck, Darmstadt, Germany).
Food and acidified tap water were available ad libitum. All diets were provided in pelle ted form and the special diets were stored in the freezer until use.
Body weight and food-intake were recorded weekly.
One animal of the F344 strain died during the wash-out period.
Preparation of samples
Blood samples were taken in random order between 08.00 and 10.00 h on day 0 and day 42, before the cholesterol-rich diet periods and on day 14 and day 56, after the cholesterol-rich diet periods. After a 16-h fasting period blood was collected under light diethyl ether anaesthesia by orbital puncture in 1ml Na2EDTA tubes (Greiner BV, Alphen ajd Rijn, The Netherlands). Blood was stored on ice immediately. Plasma was separated by centrifugation at 3000 rpm for 10 min at room temperature.
At the end of the experiment (day 56) the anaesthetized rats were killed by aorta exsanguination. The liver was removed and after weighting, immediately frozen (-70°C) until analysis. 
Chemical analyses
Total cholesterol concentration was determined in freshly prepared plasma. Phospholipids and triglycerides were measured in plasma after several weeks of storage at -70°C. Plasma total cholesterol, phospholipid and triglyceride concentration was determined using enzymatic test kits (Boehringer-Mannheim GmbH, Mannheim, Germany).
For phospholipid estimation 75 mg CaCI 2 .2H 2 0 was added to 40 ml reagent in order to activate Phospholipase D (Bergmeyer 1974 , Dixon et al. 1979 . Triglycerides were determined after glycerol blanking. Representative aliquots of the liver (1g) were homogenized in distilled water using an Ultraturrax homogenizer. Total liver cholesterol was extracted and analysed according to the method of Abell et al. (1952) .
Classification of the cholesterol responses of the strains
The strains are arbitrarily classified as hypo-, normo-or hyperresponders according to the mean increase of the plasma cho1estero11eve1 after the cholesterol-rich diet periods. In hyporesponding strains the mean increase of the plasma cholesterol is less than 1.3 mmol/ I, in normoresponding strains the mean increase is between 1.3 and 3.5 mmol/l and in hyperresponding strains the mean increase is more than 3.5 mmol/l.
Statistical analysis
Results are presented as means ± SEM. The Kolmogorov-Smimov one-sample test indicated that all data were normally distributed. Student's one-sample t-test for paired data was used to evaluate changes with time 
Results

Growth performance
At the beginning of the experiment all animals were of the same age, but there were marked differences in initial body weight between the strains. However, since the rats were purchased from 3 different sources (see Materials and Methods), this difference in initial body weight may not solely be interpreted as strain difference. Body weight increased in all rat inbred strains during the course of the experiment [ Table 2 ).
Plasma cholesterol response
The cholesterol response is expressed as the difference between the plasma cholesterol level after and the plasma cholesterol level before the cholesterol-rich diet period. In Table 3 plasma cholesterol levels of each strain on days 0, 14, 42 and 56 are given; i.e. just before and after each of the cholesterolrich diet periods. At each sampling point, there were marked strain differences in plasma cholesterol levels. Fig. 1 shows the cholesterol response after both the cholesterol-rich diet periods.
According to the pre-set classification criteria strains DA, SHR, Be, WAC, PVC, LOU and BUF were hyporesponders after feeding both diets. Strains BN and LEW showed the highest cholesterol response after feeding both diets and were classified as hyperresponders, whereas F344 and OM were classified as normoresponders. WKY appeared to be a normoresponder after diet I but turned into a hyperresponder after diet II.
In 9 strains the response was higher with diet II than with diet I. This difference reached statistical significance (P<O.05) in 3 strains (SHR, LOU and PVGj. In the WKY this In three other strains [Be, WAG and OM) the response after diet I was higher than after diet IT. This difference was only statistically significant in the WAG strain (P<0.05), but this difference might be caused by a lower daily food intake during the second dietary period when compared with the food intake during the wash-out period [ Table 21 . For individual rats there were no significant correlations (P>0.05) between individual cholesterol response and initial plasma cholesterollevel. For diet I and diet IT Pearson's linear coefficient was -0.16 (n=72) and 0.10 (n=71), respectively. Thus the basal plasma cholesterol levels just before the cholesterolrich periods did not seem to have a predictive value for the magnitude of the response.
For both individual rats and group means there was a significant correlation between body weight gain and plasma cholesterol response after the diet I period (r=0.24, n=72, P<0.05 and r=0.50, n=12, P<0.05 respectively). No significant association [P>0.05) was found between the daily food intake and the cholesterol response after this test period (for the individual rats: r=O.12, n=72 and for the strain means: r=0.33, n=12).
After the diet IT period for individual rats no significant correlations (P>0.05) were found between body weight gain or daily food intake and cholesterol response (r=-0.15, n= 71 and r=0.04, n= 71 respectively). Furthermore after diet IT there were no significant linear associations (P>0.051 between group mean body weight gain or daily food intake and group mean plasma cholesterol response (r=-0.19, n=12 and r=0.09, n=12 respectively). Thus, although there existed significant differences in daily food intake per 100g body weight between strains (Table 2) , the plasma cholesterol response was not a simple function of the food intake.
Liver weight and cholesterol concentration after diet II
Absolute and relative liver weights were found to differ between strains (Table 4) . Liver cholesterol concentration (Table 4 ) and liver cholesterol pool (Fig. 2) were also significantly different between theinbred strain. There was no significant correlation [P>0.05) between strain mean plasma cholesterollevel (day 56) and liver cholesterol concentration (r=O.l65, n=12! or liver cholesterol pool (r=-O.0071, n=12). Also the 2 values did not correlate IP> 0.05) with the cholesterol response after diet II: r=O.13 and r=-O.OOll respectively (n=12). Fig.1 Plasma cholesterol response in 12 rat inbred strains after feeding diet I (cholesterol/olive oil) or diet II(cholesterol/olive oil/sodium cholate). Each diagram represents mean value±SEM (6 rats/strain, except for the response of the F344 strain after diet II,which consisted of 5 rats. One animal died during the wash-out period). The plasma cholesterol response is defined as the difference between plasma cholesterol concentration after and just before the cholesterol-rich diet period. On each diet there are significant strain effects ( Phospholipids There were slight, but significant strain differences in plasma phospholipid levels (Table 5) . During the cholesterol-rich diet periods in most strains the phospholipid level decreased/ especially in the hyporesponders. Significant higher plasma phospholipid levels were found in BN rats after both diets. The cholesterol-rich diet had no significant effect on the plasma phospholipid concentrations in BUF and LEW rats. For F344 and OM rats diet I decreased the phospholipid levels, whereas diet II had no significant effect. The calculated correlation between the changes in plasma phospholipid levels and the cholesterol responses was as follows: r=O.86, P<O.OOI (diet I) and r=0.76, P<O.Ol (diet 11)/ consumption of a cholesterol-rich diet, irrespective of the type of diet, the plasma triglyceride concentration decreased significantly in DA, LOU, PVC, Be, WAC, OM and LEW. In BUF and WKY rats the feeding of cholesterol-rich diets had no statistical significant effect on plasma triglyceride level.
The feeding of diet I, but not of diet IT, produced a decrease in plasma triglyceride concentration in SHR rats. In contrast, in F344 and BN rats diet II decreased the triglyceride concentration, whereas diet I had no effect. There were no significant linear correlations (P>O.05) between strain mean 
Discussion
In the present study suppletion of cholate to the cholesterol-rich diet did not result in a consistent and significant positive effect on the plasma cholesterol response ( Table 2 and Fig. 1 ). Only strains LOU, PVC and SHR (all hyporesponders after diet I) had a significant higher cholesterol response after diet II when compared with diet I. The hypercholesterolaemic effect of cholate has previously been explained by assuming that cholate increases the intestinal uptake of cholesterol (Cohen et al. 1977; Raicht et al. 1974) or decreases the activity of cholesterol 7a-hydroxylase, the key enzyme in the conversion of cholesterol into bile acids (Pandak et al. 1991 , Heuman et al. 1988a , Heuman et al. 1988b ). However, in outbred rats it has been demonstrated (Spady & Cuthbert 1992 ) that a cholesterol-rich diet with cholate is not inhibiting this enzyme. Possibly this is the case in the rat inbred strains that did not seem to react strongly to cholate addition.
Furthermore, Beynen et al. (1986) , using young growing rats, suggested that the rats might develop a certain form of adaptation to high cholate intakes. Perhaps this adaptation might occur already within 14 days in adult rats of some inbred strains.
The present study also indicates a genetic basis for the plasma cholesterol response, irrespective of the suppletion of cholate to the hypercholesterolaemic diet, and liver cholesterol concentration (and pool) (Figs 1 and 2) .
Croup mean changes in plasma phospholipid levels were significantly correlated with group mean cholesterol responses. Similar findings have also been reported for humans (Beynen & Terpstra 1983) . This suggests that cholesterol and phospholipid metabolism are intimately related. Beynen et al. (1984) demonstrated that after a cholesterol-rich diet the cholesterol concentration of the high density lipoprotein 2 fraction (HDL2) decreased in both the hyporesponsive and the hyperresponsive rat inbred strain. The cho-Iesterol concentration in very low density lipoprotein (VLDL)fraction increased, specifically in the hyperresponsive strain. In rats, during synthesis of VLDL in the liver the amount of cholesterol plus cholesteryl-esters and of phospholipids appeared to be associated with a unit mass of apolipoprotein B, so cholesterol and phospholipid content are related in this lipoprotein. The composition of these rat VLDLs seemed to be very similar to the plasma VLDLs. (Rusinol et al. 1993 ). Thus, it could be speculated that after the cholesterol-rich diets the HDL2-phospholipid concentration decreases in all strains whereas the VLDL-phospholipid concentration increases especially in the hyperresponsive strains.
Differences in the hepatic cholesterol concentration and in liver total cholesterol may contribute to differences in the balance between cholesterol influx on the one side (i.e. by the LDL-receptor) and cholesterol synthesis and cholesterol efflux on the other side. Thus, it could be speculated that the strain differences in plasma cholesterol response after diet II is a reflection of the differences in liver cholesterol concentration or pool. This, however, is not substantiated by the present results. LEW had the highest plasma cholesterol level (and highest response) after diet II (Table 3 and Fig. 1 ), but the liver cholesterol concentration and liver cholesterol pool were intermediate (Table 4 and Fig. 2) . Be had the highest liver cholesterol concentration (and pool), but was found to give only a low plasma cholesterol response after diet II. Furthermore, group mean plasma cholesterol response after diet II was not significantly correlated with liver cholesterol concentration (r=O.13,n=12, P>O.OS) or pool (r=-O.OOll, n=12, P>O.OS).
So, in rats, strain differences in storage of cholesterol in the liver cannot explain the strain differences in plasma cholesterol response.
In sum, we have observed marked differences in plasma cholesterol response and hepatic cholesterol content between rat inbred strains. Cholate addition to a cholesterol-rich diet enhanced the mean plasma cholesterol response in 9 out of 12 strains, though only in 3 strains the increase was significant. So there seems to be a slight strain-specific effect in plasma cholesterol response towards cholate suppletion (see Fig. 1 ).
The genetic background of the plasma and liver cholesterol response is the subject of a subsequent study in which also the responses of the females will be investigated.
